INTRODUCTION
Clostridium difficile infection (CDI) is a major cause of diarrhea in hospitalized patients. CDI incidence has been increasing owing to increase of elderly patients with comorbidities as well as the use of antibiotics, including newly developed quinolone and cephalosporin. [1] [2] [3] Furthermore, recent reports of increasing CDI treatment failures and recurrence rates 2, 4 as well as severe infections resulting in www.irjournal.org more experiences of CDI, new clinical outcomes have been reported, such as CDI recurrence rate [14] [15] [16] and hypervirulent strains in Korea. 17, 18 The reported CDI recurrence rates vary by different studies, but approximately 15−30% of patients experience recurrence within 8 weeks; the second recurrence rate among patients with the first recurrence has been reported to be 40%. Lastly, the infection recurrence rate for patients with at least twice CDI recurrences is approximately 45−65%. [19] [20] [21] [22] [23] [24] Up to 28% of patients experienced CDI recurrence within 90 days of treatment. 25 The CDI recurrence rates in Korea are still relatively low (8.9%) compared to other western countries. 12 However, these incidence rates only include early CDI recurrences, within 8 weeks of treatment; thus, the longterm recurrence rate through clinical observations remains unknown. We have previously reported CDI incidence and recurrence rates of CDI at a single center, 13 but the results were limited, reporting only early recurrence rate within 8 weeks of treatment; thus, it was unclear which chronic repetitive aspects of CDI recurrence which is recent concern. We therefore investigated patients recently treated for CDI, their long-term recurrence rates and clinical progress, thereby contributing to a better understanding of the clinical aspects of chronic CDI.
METHODS

Study Subjects
Patients aged 18 years or older hospitalized at Seoul Paik Hospital diagnosed with CDI between January 2007 and December 2008 were included in this study. Patient medical records and examination results including age, sex, duration of hospital stay, intensive care unit admission, nasogastric tube insertion, underlying diseases, diarrhea, antibiotics used prior to CDI diagnosis, and serum albumin levels at diagnosis were retrospectively investigated. Patient deaths and CDI recurrence after successful treatment were also investigated. The study protocol and consent form exemption were approved by the clinical study committee of Seoul Paik Hospital.
Methods
1) CDI Diagnostic Criteria
CDI was diagnosed based on the following criteria: patients passed soft stools more than twice daily for 2 days or 6 times per 36 hours since admission, or had diarrhea. The patients need fulfill one or more; (1) stool samples positive for either C. difficile toxin A or B or identification of C. difficile in the stool, or (2) specific pseudomembranous colitis observed via lower gastrointestinal endoscopy. CDI recurrence was defined as a CDI relapse diagnosed using the above criteria, with diarrhea accompanying fever or abdominal pain after successful treatment. Recurrence diagnosed within 8 weeks of an initial successful treatment was defined as ' early recurrence'; cases diagnosed after more than 8 weeks were considered ' delayed recurrence' . 3) C. difficile Culture Test C. difficile was cultured by inoculation of patient diarrhea samples on cycloserine cefoxitin fructose agar and cultured for 48−72 hours under anaerobic conditions. Suspected strains were identified by spore staining and using a Vitek ANA anaerobic bacteria identification card (bioMérieux, France).
4) Diagnosis of Pseudomembranous Colitis
Pseudomembranous colitis induced by C. difficile was identified by the presence of multiple whitish-yellow raised pseudomembranes, a typical lesion, via colonoscopy or sigmoidoscopy.
Statistical Analysis
Statistical analyses were performed using PASW Statistics for Windows (Version 18.0, SPSS Inc., Chicago, IL, USA). Frequency, percentile, and mean of patient characteristics were analyzed. Risk factors of early recurrence and mortality in a total of 120 cases were analyzed by using multivariate logistic regression analysis. The percentage of delayed recurrence was calculated for 87 patients who were able to be evaluated for clinical progress and survival/mortality after 1 year. The risk factors for delayed recurrence were investigated by performing multivariate logistic regression analysis. Lastly, recurrence and mortality rates of patients with CDI were depicted on a Kaplan-Meier curve.
RESULTS
Patient Characteristics and Clinical Aspects
A total of 120 patients were diagnosed with CDI at Seoul Paik Hospital over 2 years (January 2007 through December 2008). The mean follow-up period was 28.2±25.6 months (0.3−66.3 months); after 1 year, clinical progress and survival/death were confirmed in 87 patients (72.5%). The mean follow-up period for these 87 patients was 34.1±25.1 months (0.5−66.3 months) while the mean period for the remaining patients was 3.6±3.2 months.
The mean age of patients with CDI was 62.2±16.1 years (18−92 years) and there were 66 male and 54 female patients (55% and 45%, respectively). When diagnosed, the mean hospitalization period was 65.8±63.6 days. Thirty-one patients were diagnosed with malignant tumors (25.8%), and 8 received chemotherapy within 1 month (6.7%). Nine patients were treated for chronic kidney disease (7.5%) and 53 patients received treatment in the intensive care unit (44.2%). Fifty-five (45.8%) and 50 patients (41.7%) had nasogastric tube insertion and proton pump inhibitor (PPI) or H 2 -blocker treatments, respectively. Of surgery patients (59 patients, 49.2%), 32 had gastrointestinal operations (Table 1) .
Prior to the CDI diagnosis, 17.1% of patients had not received antibiotic treatments, while 30.0%, 21.4%, and 31.4% of patients had been previously prescribed 1, 2, or more than 2 antibiotics, respectively. The mean antibiotic treatment period was 15.5±14.7 days. Antibiotics suspected of inducing CDI, including redundant combinations, were cephalosporin (61.7%), quinolone (39.2%), carbapenem (22.5%), aminoglycoside (17.5%), penicillin (9.2%), and others (14.2%); the cephalosporin class was most prevalent.
CDI Early Recurrence Rate
After successful CDI treatment, there were 23 cases of early recurrence (19.2%), within 8 weeks of treatment end. Six cases were reported within 2 weeks of primary treatment, while 7 and 10 cases were reported between 2 to 4 weeks and 4 to 8 weeks, respectively. Multivariate logistic regression revealed nasogastric tube insertion (P=0.026) and PPI or H 2 -blocker treatment (P=0.048) to be risk factors of early recurrence, whereas age, sex, underlying diseases including malignant tumors, number of antibiotics, and duration of antibiotic treatment did not influence the early recurrence rate (Table 2) .
CDI Delayed Recurrence Rate
Among 87 patients available for survival/death and clinical follow-up 1 year after CDI diagnosis, there were 17 cases (19.5%) of delayed recurrence 8 weeks after successful treatment. Kaplan-Meier curve analysis showed a recurrence rate of 31% after 60 months (Fig. 1) . In particular, of 19 early In multivariate logistic regression analysis, significant risk factors for delayed recurrence included age (more than 70 years, OR 4.434, P =0.049), nasogastric tube insertion (OR 40.111, P=0.008), and PPI or H 2 -blocker treatment (OR 1.118, P =0.028). Eleven patients were administered PPI medication, but PPI medication did not show statistically significant association. In addition, a history of surgery, underlying diseases, number of antibiotics, medication duration, and hospitalization period did not influence the rate of delayed CDI recurrence (Table 3) . These results do not agree with other reports. 15, 16, 26, 27 
CDI Patient Survival Rates
The survival rate of 120 cases of CDI patients were 75.4%, 67.5%, and 47.9% in 12 months, 24 months, and five years. During the hospitalization, there were 20 cases of deaths after the diagnosis albeit any deaths were not definitely attributed to CDI (Fig. 2) . A total of 40 deaths were confirmed.
Among these deaths, 10 and 7 patients had underlying malignant tumors and chronic kidney disease, respectively. A surgical history prior to CDI diagnosis was reported in 17 patients (10 patients who underwent gastrointestinal tract surgery). Twenty-five patients who died had nasogastric tubes, and 21 and 8 patients had been treated in the intensive care unit and had early CDI recurrence, respectively. Among these clinical features, low serum albumin level was the only significant risk factor for death (P=0.026).
Causes of death included sepsis (10 patients), pneumonia (7 patients), tuberculosis (1 patient), acquired immunodeficiency syndrome (1 patient), hepatorenal syndrome (1 patient), stroke (2 patients), ventricular tachycardia (1 patient), terminal cancer (6 patients: hepatic cancer, 1 patient; lung cancer, 1 patient; gastric cancer, 2 patients; lymphoma, 2 patients), gastrointestinal tract bleeding (3 patients), and unknown reasons (8 patients). Among unknown causes of death, fever and diarrhea also occurred in 2 patients, raising the possibility of death caused by CDI.
DISCUSSION
In western countries, outbreaks of hypervirulent CDI strains (BI/NAP1/ribotype 027) have been reported since 2002 8 and its mortality rate has been increasing recently. ; in following epidemiological studies, the detection rate for such hypervirulent strains was 0.6% but their clinical significance is still unclear. 18, 30 The CDI recurrence rate after successful treatment is relatively high (15−30%), and it is more likely to recur when patients had previously experienced recurrence (45−65%). 20, 21, 24 Musher et al., reported a long-term CDI recurrence rate of up to 28% among patients with no relapse within 90 days of initial treatment, indicating that chronic CDI recurrence may be an important health care issue in the future. 25 The CDI recurrence rate in Korea was reported to be 10.8−21.4%; 14, 31 however, these incidence rates measure only early recurrence, within 8 weeks of treatment. Therefore, the long-term recurrence rates remain unknown. In this regard, the present study is significant because we investigated not only the recurrence rate of CDI within 8 weeks of treatment (19.2%) but we also measured the delayed recurrence rate beyond 8 weeks after treatment (19.5%) via long-term clinical observations (mean, 34.1 months), although the study was performed in a single institution. In addition, we found a repeated recurrence of 42.1%, a result in agreement with other reports. 19, 24 Potential recurrence mechanisms for CDI relapse include incomplete eradication of C. difficile or re-infection with new C. difficile stains. In addition, other known CDI recurrence trigger conditions include: (1) patients older than 65 years of age, (2) continuous antibiotic usage, (3) failure to provide proper treatment, and (4) suppressed patient immune systems. [32] [33] [34] [35] However, re-infection with new strains is believed to be mainly responsible for CDI recurrence (48−75%). 14, [34] [35] [36] In this respect, it is meaningful that nasogastric tube insertion increases the risk of CDI up to 9-fold as manipulation of contaminated instruments can transfer C. difficile strains from hospital environments. 37 The results of this study reinforce these previous findings; specifically, CDI recurrence 8 weeks after treatment (i.e., delayed recurrence) was significantly associated with age (older than 70 years), medication (PPI or H 2 -blocker), and nasogastric tube insertion. In our study, both of delayed recurrence and 5-year recurrence by Kaplan-Meier analysis showed high recurrence rates (19.5% and 31%, respectively) . This finding emphasizes the need to develop effective treatments for repetitive CDI recurrence. When CDI recurs, the initial antibiotics are typically re-administered if they were effective against the first infection since antibiotic resistances (e.g., metronidazole and vancomycin) are not common in Korea. However, for cases of repeated recurrence (more than twice), long-term administration of low doses of vancomycin following full dose vancomycin therapy, with or without pulse therapy has been suggested. 2 In addition to standard antibiotics, nonabsorbing toxin-conjugating agents (e.g., cholestyramine) are intended to facilitate excretion of C. difficile toxins. In addition, oral administration of probiotics may speed recovery of disrupted intestinal microflora. Recently, fecal microbiota transplantation showed a very high success rate (92%) and low recurrence rate (4%), making it a promising alternative to conventional treatments. 24, 38 Musher et al. addressed the significance of chronic CDI recurrence and raised the possibility that CDI could be utilized as a prognostic indicator given the high mortality (34%) 6 months after diagnosis. 25 In the present study, the mortality rate among patients diagnosed with CDI was 24.6%, 32.5%, and 52.1% after 12 months, 24 months, and 5 years after diagnosis, that cannot be easily ignored. Although no deaths were directly attributed to CDI, it is regarded as a strong prognostic indicator for deaths from other underlying diseases.
28,29
At the time when chronic CDI recurrence has been emerging as a serious global problem, this study is meaningful as it is the first study, to our knowledge, to shed further light on clinical aspects of CDI through long-term observation in Korea. In particular, the delayed recurrence rate was found to be noticeably high, warranting development of novel methods to resolve the issue. Basically, unnecessary use of broadspectrum antibiotics should be avoided and more emphasis should be placed on hygiene management such as washing hands. In addition, more active preventive measurements should be discussed; for instance, an aseptic method for nasogastric tube insertion might be worthwhile to consider for patients with a history of CDI.
14 Lastly, additional investigations are needed to distinguish if recurrence was caused by the same strain or re-infection by other strains by analyzing samples from patients with chronic recurrence. This type of analysis could also be used to identify severe CDI due to hypervirulent strains. The present study has several limitations. Firstly, we calculated the delayed CDI recurrence rate (19.5%) in 87 patients; these cases included patients who were available for followup 1 year after CDI treatment, or who had died. In other words, of the 87 patients, 20 patients (23.0%) died during www.irjournal.org hospitalization after CDI diagnosis; therefore, the group of 87 patients may not accurately reflect features associated with recurrence among surviving patients. Owing to this potential bias, we further investigated the delayed recurrence rate using Kaplan-Meier curve analysis and found a higher recurrence rate (31%). Secondly, because this study was conducted retrospectively in relatively small sample size (n=87), it is possible that potential risk factors were overlooked in the analysis. Furthermore, the number of CDI deaths might be underestimated because analyses for hypervirulent strains have not yet been performed.
In conclusion, in this study, we found early recurrence (defined as relapse within 8 weeks of the treatment of CDI) and delayed recurrence rates (defined as relapse after 8 weeks of the treatment of CDI) of 19.2% and 19.5%, respectively. The delayed recurrence rate for patients who had experienced early recurrence was particularly high (42.1%). The mortality rate is also high at 2 years after CDI diagnosis (32.5%), suggesting that CDI diagnosis may be an important prognostic indicator for deaths from underlying diseases.
